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NATIONAL INTELLIGENCE ESTIMATE 11-2-57

THE SOVIET ATOMIC ENERGY PROGRAM’

THE PROBLEM

; To estimate the current status and future course of the Soviet atorﬁic energy program
to mid,-1967'on the basis of information available from all sources.

'This estimate does not take into consid_eratioil the impact.that any
form of nuclear test moratorium or limitation on nuclear waapons
production would have on the Soviet atomic energy program.

'This report. constitutes Part 1 of the over-all estimate,  Part 11, dealing with the possihle allocation of
nuclear materials to-various military uses, s under preparation, : o ' : .
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THE SOVIET ATOMIC ENERGY PROGRAM’

SUMMARY AND CONCLUSIONS

A. Trend Of The Soviet Atomic Energy

. Program. There is substantial evidence
* that the USSR is continuing to expand

steadily both its military atomic energy
activities and its program for the non-
military uses of atomic energy. (See
Figure I for geographica'l locations.)

1. A total of sixteen nuclear tests have

‘been detected since January 1956, includ-
“ing four thermonuclear tests with yields

between one-half ('2) and three (3)
megatons. This is in contrast with a
total of nineteen tests detected during the
period 1949-1955. (Par. 80-86)

9. Efforts are being made by the USSR
to increase its uranium ore and uranium
metal supply which is already capable of

-supporting a very substantial atomic en-

ergy effort. Although we estimate a sub-

“stantial Soviet program for the expansion

of fissionable material production, the
availability of such materials will con-
tinue throughout the period of this esti-
mate to be a limiting factor in determin-
ing the size of many military and non-
(Par. 40-41 and

. 3.‘Alth'oug_h a substantial nuclear

 - power program is still envisoned by the

USSR, its initially announced goals have
apparently been reciuced during recent
months toward more realistic objectives.

See footnote 3, page 2. for the position of the
Director of Naval Intellizence.

In general, non-military ap})liéations' are -
being fostered on a broad base both
within the USSR and in international

~ programs that reach all countries within
~the Soviet Bloc and that endeavor to com-

pete with the West in the courtship of all
significant neutral powers. {Par. 35-38a
and 106-114) : ‘ _

4. The USSR has a broad scientific base
in the nuclear sciences and is competent
to continue making important progress
not only in areas of fundamental re-
searcn, but also in improving nuclear
weapons and integrated weapon systems.
In experimental nuclear physics, Soviet
capability, now estimated to be second
only to that of the US, will continue to
improve. (Par. 10-25) .

5. We estimate the Soviet atomic en-
ergy program will continue to enjoy the
very high priority that has been accorded -
to it in the past. .

B. Raw Materials. We estimate that ap-
proximately 8,000 metric tons of uranium .
(in terms of recoverable ‘metal) were
mined during 1956 in the USSR and its
satellites. of which approximately 4,600
metric tons were obtained in East Ger-
many. This total quantity is more than
adequate to support current. fissionable
materials output as calculated in this
- estimate. Substantial uranium ore re-
serves exist within the Soviet Bloc and
particularly the USSR, and the exploita-

1
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tion of these resources, as well as of other
raw materials essential to atomic energy
_:}Ct.i\'itics., is being steadily expanded.
. (Par. 40-42)- ' ' '

C. ’P:I.ut'onium Production.” 1. Inthe past '
our estimates of the production of pluto-
nium- have been based on the

O TR

VI Ol A . 2

S—memam

of cumulative and annual plutonium pro-_

duction are givcnr

[The

Soviets appear to have been accumulating
raw materials in quantities too great to be
accounted for by a stable annual pluto-
nium production rate. even when the de-
mands of an expanding uranium-235 pro-
gram and of a reasonable reserve program
are considered. There is also direct infor-
mation which suggests continued expan-
sion of Soviet production reactor capacity.
The Soviets have, moreover, employed
plutonium liberally in their weapon tests..
In the light of this evidence, we estimate

that the Soviets have probably been

[cPar. 68-70 and Table
XTI S

2. Our estimate of probable current
“and future Soviet plutonium production
“is based upon. estimated Soviet uranium
ore procurement, assumed stockpiling

practices, estimated heavy-water produc-
tion. estimated site construction time
schedules, deductions and assumptions
on Soviet production reacter desipns. and

starting in 1950, we assume fThat
all new plutonium  production capacity
will eame from the power reactor pro-
agram. Our present and future estimates

R —

TOT

PR Al CRE 'I‘

S (Par. 64-76)

D. Uranium-235 Production.* - Our esti-
mates of Soviet production of U-235 (as
shown in Figure IV) prior to mid-1953 are

The Director of Naval Intelligence does not con-
cur in the figures. contained hereln for the esti-
mated production of §-235. He does not believe
that more than 300 kg of weapon grade U-235
were available in 1953, He does not believe that
intelligenee available as to barrier improvements,
utilization of electricity. and assumptions made
justify the inereased. production set forth. He .
~believes, if present methods, utilizing fmproved
techniques, for production of U 235 are con-
tinued, & cumulative stockpile by mid-1957 will
be near 5000 ke, near 15,000 ki by mid-1961 and
near 40000 kg by mid-1967. These vilues are
consistent with the limited use of ‘'U-235 in the
Cweapon test prograin_and in balance with the

plutonium estimate

However, if new methods ol production were 1=
stituted which could be effective by 1961 the -
quantities could be radieally increised after that
date, o B o
The Director of Naval Intelligence ‘does not
coneur in the estimate of _production of pluto-

nium after l(!!’»ﬂ.r

[
rordingly, he believes thal The cstimated cumula-
tive production of plutonium would be 3,200 ki
throuerh mid-1957 and, by extrapolation, 7,000 ks
throurh mid-1061 and 16,000 Ky through mid-
REL A - .

The Direetor of Naval Intelligenee believes that
the plutonium produced in the Soviet nuclear
electrie power reactor program might beatilized
as fuel in that program, leaving insignifiecant.
Camounts avadluble for their weapons stockpile,
This is eonsistent with Soviet statements eon-
cerning the power program and with avallable
aneliirence, :
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| ba_sed on gquantities of barrier procured
through 1952 for their gaseous diffusion

plants, as well as information from re-

turned German scientists on barrier fab-
_rication methods and barrier quality, and
allows for moZerate Soviet improvement
in plant design and compressor efficiency
as indicated by these sources. This evi-
dence of increased Soviet capability has
‘been extrapolated into the post-1953
“period as an assumed’ gradual improve-
ment in the efficiency in utilization of
electric power. . The production of U--235
from mid-1953 to mid-1967 has been ob-
tained by applying estimated plant efli-
ciency in terms of utilization of electric
power to the average electric power esti-
mated to be available for isotope separa-
tion. (Par. 52-62) : '

E. Nuclear Weapons Progress. 1. Com-
mencing with the first Soviet nuclear test
conducted in August 1949, .a total of
35 tests have been detected in which
plutonium, uranium-235, and in one
instance uranium-233 have been used
as the fissionable materials. There is
evidence that the USSR is making a con-
certed effort to perfect a variety of im-
proved nuclear weapons. particularly
those employing thermonuclear prin-
ciples. Test activities in 1956 extended
throughout the entire year, from 2 Feb-
ruary until 14 December, and included

6

carried out; however, a possible interpre-.
tation of the data is that the high-yield
weapons detonated at the Semipalatinsk

* proving ground were deliberately reduced

yield versions of more powerf.ul'and efli-
cient weapons. (Par. 80-86)

9. Ttissignificant that:[ |

(by -

_3

There has been evidence during the past
18 months of development and testing of
nuclear warheads in guided missiles. -
(Par. 86-97) -

_ [In general,

we anticipate that the USSR will ‘be ca-

pable of producing improved ‘nuclear .

weapons of the range of yields and char-
acteristics required to support its mili-

_tary requirements. S

~ nine detonations. \

In addition, seven tests have

" peen conducted during the first four
" 'months of 1957. Altogether, five thermo-
 nuclear tests with yields of from one-half
'iup to about three megatons have been

=




(Par. 87-98)

" F. Nuclear Electric Power Program. 1.
‘The Soviets are engaged in a compre-
hensive reactor . development program
which will permit them to keep generally

abreast of world progress in this field.

They have had one small prototype power
. reactor with a capaeity of five electrical

‘megawatts (EMW), in operation since
June 1954, which although ineflicient, has

perinitted useful experimental studies in

power reactor operation. ( Par. 35-38a)
2. Recent information indicates che
USSR has revised the time scale and re-
duced its ambitious nuclear power goal
from 2,000 2,500 megawatts to 1.400
megawatts of electrical power under its
Sixth Five-Year Plon (1956-1960). (Sce
_ Table III.) This reduced plan is still
"quite substantial, but is within Soviet ca-
pability with a high priority effort. The
USSR cmphasizes that this program- is
“oriented toward making future nuclear

puwer economically competitive with con-~

~ventional power costs. - The Soviets state
that some of the plutonium produced
could conceivably be recycied in their re-
actors but we estimate that this pluto-
nium will be allocated by the USSR to
‘ wcapon's stockpiles.” Beginning in 1959,
the nuclear power program will consume
significant quantities of U--235. However,
we do not believe this loss of fissionable
material to the Soviet weapons program
~ will exceed approximately 5 per cent of
~the total U-235 available to the USSR at
CSee footnote 3, page 2 for the positinn of the
Mirector of Naval Intelligence

* We believe that a

“sub-systems;
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any time during the i)eriod ‘mid- 1959-
mid-1967. (See Figure IV) (Par. 35- 38a)

G. Nuclear Propulsion Capabilities. 1.
‘nuclear propulsion
reactor sujtable for naval and marine ap-

“plications is currently under construc-

tion. We estimate that: (a) a nuclear
propulsion reactor for a surface ship (ice-
breaker) will be installed in early 1958
and that the ship will undergo opera- -
tional tests in late 1958 or early 1959
(b) a nuclear propulsion. reactor for a
submarine could be available for i!jn‘stalla'.-
tion ‘n 1957; and (c) that by the vime
these ships complete operational tests,
the Soviets could undertake the construc-
tion of a variety of surface ships and sub-
marines. (Par. 104-105)

2. There is no evidence of Soviet activ-
ities directly identified to nuclear propul-
sion for aircraft or guided missiles. How-

~ever, frequent references to the feasibility
of aireraft nucle.’u propulsion have becn

made during the past year, both in news-
papers and magazines and statements by
some of the highest officials in the USSR. .

~ We estimate that: (a) the Soviet aireraft

nuclear propulsion -eactor . program is

probably now engaged in development

and testing of reactor components and
‘and, ¢b) a reactor system
suitable for nuclear propulsion of sub-
sonic aircraft. could probably be available

_ to the Soviets in 1962; (c)»thc USSR has,

at most conducted basic research on de-
velopmental components for a missile pro-
pulsion reactor system.  (Par. 102-103)

CaWal 10
I

T
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H. Int'ernat'ional{ Activities. Thé USSR

has continued its role as an active par-

g ‘t«icipa'nt, in international atomic energy

activities including scientific . confer-
ences and the negotiations to establish
an International Atomic Enerygy Agency.
The Joint Nuclear Research Institute. lo-

. cated at Dubna near Moscow, was created

in 1956 to serve as the focal point of Sino-
Soviet Bloc technical. cooperation. Ar-
rangements for furnishing swimming

~ pool type' rescarch reactors, particle ac-

celerators. radioisotopes and technical
training of personnel to Bloc ccuntries

-are continuing and delivery of the actual

reactors is scheduled for 1957. In addi-
tion, plans have been announced for con-

IET . .8

struction of power reactors with Soviet
assistance in Czechoslovakia, East Ger-
many, Hungary and Rumania. Aid
agreements have been reached with
Yugoslavia and Egypt. similar to those
with Bloc.countries, although difficulties
have arisen in implementation of the
Yugoslavian agreement. We estimate
that the USSR will continue to make
offers of technical aid as well as assistance
in the construction of power stations
both within the Bloc and possibly to non-
Bloc countries, and that the USSR has
the capability of fulfilling such comniit-
ments. The Soviets allege that they will
impose no restriction on the use or dis-
position of nuclear materials in their aid
program. - (Par. 106-114)

DISCUSSION

I. INTRODUCTION

1. While the exact extent of Soviet capability
in the atomic ficld remains uncertain, the gen-
eral nature and. some of the details of the
Saviet atomic energy program can be assessed
with- fair- reliability. Available evidence es-
tablishes the existence in the USSR of: (a) a

_ high priority, extensive atomic energy pro-

gram, primarily directed toward - “military
application. which is continuing to expand;
(b) an ample uranium ore base on which to

‘carry out this pmnl'lm (¢c) a substantial

‘stockpile of fissionable materials; (d) a proven

- capability for the estabiishment of nuclear-

clectric power stations: (e) a capability, so far
believed to be unrealized. of utilizing nuclear
power for propulsive purposes: (f) and a

- proven capability of producing explosions in

vield ranges from a few kilotons up to several
megatons and of employing l)mh fission and
fusion principles.

" 9. Reliable evidence indicates that Soviet mili-
tary planning includes the employment of nu- ’

T

clear weapons for offensive air operations, in
support of ground and naval operations, and
poscibly air defense. At least twice since 1953

- there has becn military participation in the

Soviet nuciear weapons test program mdlca-
tive of hoth wmp(ms effcets tests and military,
maneuvers.’

3. Our knowledge of the status of the Soviet

atomic encrgy program as of the end of 1956
is derived from a considerable volume of evi-
dence.  Evidence received since our last esti-
mate on the Soviet atomic energy program
(NIE 11-2-56, 8 June 1956) primarily con-
cerns the mining of uranium ore, its transfor-
mation into uranium metal, the production of
plutonium. research on reactors and isotope
separation methods, the first ‘Soviet gascous
diffusion uranium-235 separation plant, clec-
tric power available to paseous difTusion
plants, further testing of weapons, and mili-
tary training and indoctrination in atomic
warfare. - '

CRET :
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li. HISTORY AND ORGANIZATlON

- 4. The Soviet atomic energy program started
-in August 1940 with the formation of a Com-
mission on the Uranium Problem attached to
~the Presidium of the Academy of Sciences,

USSR. Members of this commission were
representatives from various laboratories ex-
pected to be major contributors on the prob-
lem. Beginning in late 1943, the
Directorate of the Pcople’s Commicssariat of
Internal Affairs. (NKVD) was organized to
make concurrenitly preliminary studices in

nuclear physics with special attention to

atomic energy. In 1944 it became responsible
_fot' uranium mining in the USSR. and, begin-
" ning in May 1945, it. recruited more than 200
German and Austrian scientists to work in the
USSR on atomic energy problems at several

laboratories subsequently built for this pur-

pose.

‘5 1n November 1945 a First Chief Directorate
was created and attached to the Council of
Ministers, and was given the responsibility for
the expansion of the entire Sovict atomic en-
ergy program. L. P. Beriva was the responsi-
ble member of the Council of Ministers and
thus exercised over-all direction of policy and
‘drew into the program the best talent and
Jeadership of the nation. These lcaders, for
the most part. retained their old positions
along with their new responsibilities. - By ap-
_pointing to the program representatives ot
many diverse organizations such as the Min-
istry of Internal Aairs, the Ministry of the
Chemical Industry and many others. assur-
ance of the high priority nécessary to imple-
ment the program was attained.: Belween
1945 and 1050 the First Chief Directorate
aradually took over the responsibilities of the
Ninth Directorate of the NKVD until in carlv
1950 the Ninth Directorate relinquished the

last of its functions, control of the German

" ccientists. and was dissolved.

6. The growth of the Sovict atomic enerpy
effort necessitated its major reorganization in
carly 1950. At this time a Second Chief Diree-
torate was formed and also attached to the
. Council of Ministers.
torate relinquished to the Second Chicf Direc-

Ninth

The First. Chief Direc-

torate control of mining, to include the
development of new uranium deposits, - the
concentration and refining of uranium both
inside and outside of the USSR. This freed
the First Chief Directorate to concentrate on
the production of fissionable materials and
the manufacture of weapons. Supply, per-
sonne! and other services common to both
directorates were apparently placed in a body
serving both dircctorates, thus another chief
directorate was possibly formed. o

7. This organizational structure apparently
continued until the arrest of Beriya in June
1953. At that time, the Ministry of Medium
Machine Building was organized with V. A
Malyshev as the minister and this new minis-
try gradually took over the functions of the
Chief Directorates, except for Satellite mining
operations. This latter activity was- made
subordinate to the Chief Dircctorate of Sovict
Property Abroad, Ministry of Forcign Trade,
and it is probably still under the Ministry of
Foreign Trade for administration but is

clearly subordinate to the Ministry of Medium -
Machine Building for operational matters. '

Late in 1953 Malyshev was appointed a Deputy
Chairman of the Council of Ministers. How-
ever, in February 1955, Colonel General A. D
zavenyagin, a prominent ‘and lcading figure

in the program from. its beginning, was ap-
_pointed Minister of Medium Machine Building
“and clevated to the position of Deputy Chair-

man_of the Council of Ministers. Thus, he
replaced Malyshev as over-all policy director
and manager of day-to-day operations of the
entire Soviet atomic energy -program.  In De-
cember 1956, Zavenvagin died and his suc-
cessor, appointed on 2 May 1957, is Mikhail
G. Pervukhin, who has been associated with
the atomic cnergy program since its begin-
ning and was most recently the Chairman oi
the State Economic Commission for Short
Term Planning.

8. In April 1956, TASS announced the forma-
tion of a new atomic energy coordinating
bady, the Main Administration for the Use of
Atomic Energy attached to the Council of Min-

isters. Yefrim P, Siavskiy is head of this new
Administration. The Main Administration

TS 117200




~was created to fulfill se\'orai functiou.é:A to de-

velop cooperation between tize USSR and other’

" countries in the non-military uses of atomic
energy; to make extensive use of atomic en-
ergy in the national economy in cooperation

with the industrial ministries and to resolve

problems connected with this application: to
design reactors for power stations and to de-
velop atom powered engines for usc in trans-
portation; to build and operatce experimental
reactors; to coordinate researvch in nuclear
technology, e.g.. the production and use of
radioisotopes and the effect of radiation on

inetals; to supply laboratories with experi-

mental equipment such as counters, reactors,
and accelerators.

_ is also responsible for the publication of scien-
tific and technical works on utilization of

The Main Administration

10

" atomic -energy and for holding exhibits on

peaceful uses of atomic energy both in the.

‘Soviet Union and in other countries.

9. It appears, then, that there is a clear-cut
division of responsibilities between the Minis-
try of Medium Machine Building and the Main
Administration for Use of Atomic ‘Energy.
(Sce Table 1) The Ministry continues with
its former functions for all production aspeets
of the atomic energy prograni, while the Main

Administration supervises the application of

peaceful uses of atomic energy within the
USSR and the cooperation of the the USSR
with other countries in these matters. The
Academy of Sciences is apparcently used to ad-
vise and conduct supporting research for both.
the Ministry of Medium Machine Building and
the Main Administration.
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. SOVIET TECHNICAL CAPABILITIES IN NU-
CLEAR ENERGY

10. Science and technology continue to be pre-
dominately encouraged by the Soviet govern-
ment and emphasized in their educational
system. * Scientists are a privileged group held
in high esteem, Soviet research personnel are
concertrated in support of heavy industry and
military deveiopment fields. -

- 11. ‘Soviet manpower and capability in basic

scientific fields necessary for support of a com-
prehensive nuclear energy program are im-
pressive and.competent.  Within the nuclear
energy field we find a broad scientific base
which is competent to continue to make im-

“portant progress not only in fundamental
fields but a capability for developing better

nuclear ‘'weapons and applications to inte-
grated weapons systems.

12 uclcar Physics.” We estimate the present

(.apablllty of the USSR.in experimental nu-
*clear physics to be second only to that of the

US. The construction of high-energy particle
accelerators such as their 680 million electron-

‘volt (MEV) synchrocyelotron and the 10 bil-

lion electron-volt (BEV) proton synchroton
have been the most impressive Soviet accomn-
plishments in nuclear physics. However.
these accelerators are. merely impressive in
size since they are essentially scaled-up ver-
sions of US accelerators. Research work re-
ported using tae 680 MEV machine has been
competent but uninspired. Construction of

"the 10 BEV machine was completed in 1956,

'md lt bccame operational in 1957.

13. Durmg’» 10536, the Soviets revealed several
highly original ideas for particle accelerator
designs which have not been incorporated in
operating accelerators.  Some of these may
have stemmed directly from Soviet research

“effort on controlled thermonuclear reactions.

It appears that there is effective exchange of
ideas between the accelerator and thermo-
nuc‘loal groups. o

14. Controlled Thermonuclear I\('w(m h. So-
viet research in the application of controlied

“thermonuclear reactions for-the production of
power was first revealed in July 1955 at the

TOTI

Conference of the Academy of Sciences on
Peaceful Uses of Atomic Energy. = Subsequent
reports describing parts of the Soviet effort
reveal that the USSR has the technical com-
petence required to support an effective re-
scarch program in this field. The cxperi-

mental work is quite creditable and indicates .

an appreciable effort and manpower expendi-
ture. The Soviets have stated that while they
have not attained usable energy from con-
trolled thermonuclear reactions, this research
is continuing. We estimate that the USSR

will not produce usable power from thermo-

nuclear processes for many years.

15. Instrumentation. The USSR is appar-
ently developing and producing the instru-
ments required to support their nuclear
energy program. . Instruments viewed at in-
ternational conferences and trade fairs, al-
though mostly auxiliary instruments, appear
to be well designed and gave evidence of qual-
ity workmanship. Several Satecllite nations

are producing various instruments to Soviet

specifications that are being delivered to the
USSR in quantity for use in nuclcax energy
and other programs.

16. The capabilities of Soviet nuclear physi-
cists for developing integrated instrumenta-
tion equipment for nuclear research are con-
sidered adequate for support of the Soviet
nuclear energy program. 1t appears that the
USSR lags the US somewhat in the develop-
ment of such equipment as nuclear resonators,
neutron time-of-flight spectrometers, coinci-

- dence counters and scintillation counters.
" However, the Soviets have developed an excel-

lent photomultiplier tube, which is an essen-
tial component for, scintillation counters.

Also, the Soviet mass spectrometer, MS-4, ap-
pears to have good versatility and to be a .

modern. wel! engineered instrument.

17. Computers. The USSR has demonstrated |

a considerable technical competence for the
development. of high-speed digital computers.
Such computers play an important role in the
solution of many pr oblems in nuclear physies

and the design of nuclear weapons.  The -
BESM and M-2 computers, designed and con-.
structed by the Soviet Academy of Sciences,

~LRET
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were put into operation in 1952 and were com-
-parable to tine best computers available in the
US at tnat time. The Soviets are currently

buxldmg a computer which will have an oper-

“ating speed almost as fast as the US IBM 704.
one of the best in the US. Apparently. the
BESM and the M-2 were the only high-speed
computers in the USSR until 1955. Two other
computers, the STRELA and the URAL, de-

signed by the Ministry of Instrument Building

and Means of Automation were sched:'ed to
go into serial production in 1955. However,
as of mid-1956 the Soviets had produced less
than ten STRELA's and still had not delivered
a URAL computer promwed to Indm by the
end of 1955.

18. A weakness in the Soviét computer pro-

gram is found in its extent rather than in its |

“quality.  We believe that the Soviet failure to
produce large numbers of high-speed digital
computers is probably due to the Academy of
Sciences not making its experience in com-
puter development and constiuction immedi-
ately  available to the industrial ministry
responsible for mass production of these ma-
chines. The development of a new Soviet
computer which resembles the US IBM 704 is
the first evidence of adequate collaboration
between the Academy of Sciences and the Min-
istry of Instrument Building and Means of
Automation. While the Soviets will probably
produce cnough STRELA and URAL com-

- puters to satisfy their immediate needs, large -

‘scale production of high-speed computers
probably will not be undertaken uniil a

standardized model of the new computer is:

. available.

19. Chemistry. The Soviets have revealed
through papers pr esented at international
conferences and open literature publications a

high degree of technical competence in-vari-
ous fields of chemistry.  The only accomplish-
ments directly related to their atomic energy
program, revealed to the West, have been in
the uses and applications of radionisotopes with
apparent emphasis on tracers in chemical re-
actions and control mechanisms.  The funda-
mental aspects of isotope separations and ma-
terials concentration for the Soviet nuclear

T

pxu“x.nm have been notably omlltcd from pub-
lication and discussions. Soviet research in
nuclear chemistry will keep up with world
progress and has the capability to adequately

support the Soviet nuclear weapons. program.

20. Metallurgy. The USSR has placed added
emphasis on metals in its’ Sixth Five-Year.
Plan. - In pamculal production of lithium,

beryllium, zirconium, nickel, and other metals
essential to the atomic energy program is to
be increased many fold.  Special efforts are to
be made to increase the purity of metals pos-
sessing -useful nuclear propertics. - Basic re-
search for this phase of the program has
already been initiated and papers have been
published on the application of the iodide
method for producing extremely pure chro-
mium and zirconium. ~ Mention is also made
of the separation of hafnium from zirconium
and other methods for separation of impuri-
tics. This work strongly suggests suitability
of these metals to nuclear applications.  The
continued interest of the Soviet Union in
molten salts systems containing such clements
as lithium, beryvllium and thorium further cvi-
dences a broad base of research possibility for
reactor purposes. o

21. Soviet fundamental metallurgical re-
scarch scientists display outstanding ability
and have produced some original concepts
during the last ycar. We estimate that the
Soviet capabilities in metallurgical research
will continue to support adequately the Soviet
atomic energy program.

22. Medicine and Biology. Soviet research
activity in the bio-medical sciences increased
to a high pitch during 1955-56. This work is
largely radiobiological in substance but could
provide improved therapy for mass atomic
casualties as well as health physies criteria for
peaceful utilization of nuciear cnergy.

23. Bio-medical rescarch concerned with the
nuclear cnergy program of the USSR is under-
poing a large-scale enlargement and consoli-
dation.  This is evident by the recent appear-
ance of journals dealing ahmost exclusively
with bio-medical aspeets of nuclear energy
and the scheduled early completion of srvcml
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major research centers. This research has
become an integral part of the Five-Year Plans
of the Academy of Sciences. :

24. A shift in research emphasis has been in-
dicated in the health physics field by some
excellent work on toxicology of certain metals
connected with the nuclear energy program
and biological effects of ionizing radiations
and radioactive acrosols. We estimate that
‘the Soviets will keep pace with world progress
in such fields as prophylaxis, therapy of radia-
tion syndrome, and biochemical, hematologi-
cal, immunological and systemic effects.

25. Soviet health physics standards discussed
-at the Geneva Conference and stated in mili-
tary doctrine are more restrictive than those
of the Western World. Cases are known in
which these were not rigorousiy adhered to.

“IV. SOVIET REACTOR DEVELOPMENT

26. Nuclear Reactor Technology.
has a comprehensive reactor program and has
demonstrated excellent capabilities in reactor
technology. Scientific intelligence techniques
_prove that the Soviets have operated reactors
for plutonium production since 1948. The
first Soviet full-scale production reactor was
apparently developed directly from a crude,
lrm -power graphite reactor C\ponmont

27, Soviet research on ‘reactors has encom-
passed both well known types and some. of
original design. This program includes
studies on nuclear fuels, moderators, coolants,
" fuel * elements © and  structural. materials.
Soviet physicists and engincers.connected with
their research reactor program possess a high
degree of technical competence.
demonstrated that they do not necessarily
follow Western practices and are competent to
* take independent approaches, as illustrated-by
the. original design of the fuel elements for
the ‘existing Atomic Power Station reactor.
Published Soviet rescarch on advanced cool-
ants, such as liquid metals and molten salts,
as well as research on Ligh-temperature mod-
. erator materials reveals the existence of an
adequate oxporimcnllal base for development
“of advanced nuclear reactors. '

The USSR

They have -

S o]

28. The experience gained by the Soviets from
production reactors, research reactors, and’
their extensive experimental program provides
a potential in advanced reactor technology
adequate for continued support of the ambi-
tious power reactor development program
which is part of the Soviet Sixth Five-Year
Plan.

29. Nuclear Reactor Development History.
Evidence indicates thai the design and con-
struction of the Reactor Physical-Technical
in 1950-52 marked the advent of the Soviet
developmental power program. (See Table I1.)
This reactor, .completed in 1952, gave the
Soviets the capability of testing, under actual
reactor conditions, proposed fuel elements,
cooling systems, and structural materials

necessary for the development of new reactors. -
In addition, the Reactor Physical-Technical
acted as the prototype for the first 5 EMW *
power reactor (critical May 1954) which has
provided the Soviets with experience’ in nu-
clear power plant operation. The Soviets
have stated that they are constructing a large

-200 EMW graphite-moderated, water- cooled

power reactor which will be an oxpandcd ver-
sion of the 5 EMW power rcactor.

30. A reactor with ordinary water as the mod-
erator was first designed in 1951 and con-.
structed several vears later. This first 300
kilowatt swimming pool type reactor together-
with a later 2,000 kilowatt version complctod
in 1955-1956 has provided the Soviets with
facilities to determine valuable data 1cquncd
for the development of the large ‘pressurized
water reactor. - This type of reactor is also.
used for the L(“;l,mg of new. shicldmg ma-
terials and configurations.

31. Followmg, Lhc plutonium cr mcahty oxpen-
ments in 1953, the Soviets constructed a 200
kilowatt plutonium fast. reactor, critical in
1956, which is cooled with mercury. An ex-
panded 5.000 kilowatt version is scheduled for
opecation in 1957 and will provide operational
experience with sodium cooling. These re-
TEMW cEleetrical Mepawatty is used to destgnate
the electrieal power.  All other power units and
abbreviations desipnate thermal or heat power,

TOPSE6RILL

-TS 117200




TOPT™S

actors will provide the facilities to obtain data .
necessary for the development of a fast plu-
tonium breeder reactor. ‘The Soviets have an-
nounced that two power reactor pilot plants
will utilize sodium as the coolant. One will
_be a plutonium fast breeder and the other will
be sodium-cooled and graphite-moderated.’

392 The 500 kilowatt heavy-water research re-
actor, placed in operation in 1949, ¢cnabled the
~ Soviets to obtain experience necessary for the
construction of heavy-water moderated pro-
duction type reactors. This research reactor
-appears to have been modified sometime in
1953-1954 to permit the Soviets to conduct
‘feasibility studies on gas cooling of heavy-
water moderated reactors. The heavy-waler
reactor has been modified to operate at a
higher power of about 2,000 kilowatts, and
this reactor will undoubtedly be used in the
development of any gas-cooled. heavy-water
moderated power reactor and in the homoge-
neous thorium breeder. The homogeneous
thorium reactor will use a heavy-water slurry
of uranium oxide as the fuel.

struction  of

SRET 3 S}
33. Feasibility studies on boiling-water re-
actors and measurements of the thermal con-
ductivity of gaseous. films in' boiling water
were conducted in 1955 This rescarch was
augmented by information obtained by the
USSR at the 1955 Gencva Conference in
Peaceful Applications of Atomic Energy, and.
provided background nccessary to the con-
the proposed boiling-water
reactor.

34. The bcr_vlli'um and beryllium oxide mod-
orated reactor which went critical in August
1954 has undoubtedly cnabled the Soviets to
determine the feasibility of using this mod-
crator in future reactor developments. While
we have no knowledge of Soviet plans to usc
this moderator, it is possible that they may
decide to use beryllium and beryllium oxide
in future powm" and propulsion reactors due
to the high temperature characteristics of this
material, if they can foresce a solution to the
thermo-mechanical problems involved.
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V. SOVIET NUCLEAR POWER REACTOR PRO-
’ GRAM o
35. The nuclear power program of the Sixth
- Five-Year Plan adopted in 1956 included a re-
_actor generating - capacity of 2.000 to 2.500
clectrical megawatts (EMW) to be in opera-
tion by the end of 1960. - Further informatic?
indicates that a total of 25,000 EMW was being
considered as the goal over the next twenty-
five years.  This program, if achieved, would
have a major impact on future fissionable ma-
terial stockpiles both as a consumer of u.a-
nium-235 and as a producer of plutonium.

During the period 1958 to 1960, these stations
will provide experience in nuclear engineer- .

ing, mass production of fuel elements, and
fuel processing. This plan. as ‘repeatedly
stated by high ranking Soviet scientific per-
sonnel, was to construct seven different types
of experimental power reactors in the period
1956-1960. Three of these reactor types were
to be ‘incorporated in four, or possibly five,
power stations. All were to be full-scale pro-
totypes. Four experimental reactors of a
. small capacity, which have been described and

- scheduled for construction, will round out the
. Soviet reactor development program.

36. We believe that this original program,
" calling for approximately 2.500 EMW of nu-
clear power capacity by 1960, is very ambitious
and probably could not be achieved during this
time period even with a very high priority
‘effort. It calls for a large capital outlay. a
concerted construction program, and con-
current solution of a number of difTicult re-
actor engineering problems.

37. There is a good indication that the USSR
now fully realizes the difficulties involved in
carrying out the original program and plans
to reduce their 1960 goal from 2,500 EMW to
1.400 EMW. This reduced Soviet. Five-Year
Plan for nuclear power still is substantial, but
one which is much more attainable.

48. In connection with the release of informa-
" tion on their reduced- program. the Soviels
nave stressed that it is oriented toward pro-
ioing future nuclear power that is cconoms-
icnlly'compctitivc with the conventional pawer

-charges in the reactors.

in late 1958.

17

costs in the Urals and European USSR How-

ever, an analysis of information on the charac-
teristics of the large-scale prototype reactors
involved indicates they are designed to pro-
duce significant amounts of plutonium, ic..
quantities equal to the amount of 90°% equiv-
alent U-235 consumed in the reactors. The
Soviets further state that this plutonium
could conccivably be recycled as subsequent
However, relative to
U-235, plutonium has an ecven greatér value
in a weapons program than in a power re-
actor program. Therefore, we believe this
plutonium will be allocated by the USSR to
weapons stockpiles.” : l

38a. The original Soviet plans for nuclear
power include the construction of power sta-
tions ncar Moscow, Leningrad, Voronezh, and
in the Urals. There is no firm information
as to which specific reactor is to he installed
at any of the locations exccpt Moscow. These
plans included the construction of the follow-
ing types of power reactors:

a. Two 210 EMW pressurized water reactors
apparently have been designated for the first
station to be placed in operation near Moscow
(Sce Table 111.)° The seed-core
enrichment ccencept is plannéd‘ to be used in
this type of reactor with the f ucl loading con-
sisting of about 73 kilograms of 90% enriched
UO. and 23 metric tons of natural UO.. It
is planned that these reactors will be of the
pressure vessel type and will use stainless steel
clad fucl elements. However, whether the re-
actors in the third station (sec Table 11I) will
utilize zirconium cladding or not will depend
cn the success the Soviets have in developing

_ suitable production techniques. We estimate

that the third station will employ this type of
reactor and will become operational at the end
of 1959. '

b. The sccond Sation will employ 200 EMW.
gmphit(r-mmlorat,cdV:m(l water:cooled reactors '
which stem directly from the' s MW station at,

. “Sec footnote 3. page 2, for the position: of the
Director of Naval Intelligence. )
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Obninskoye and is expected to operate on
1.2¢, enriched uranium with a thermal-to-
electrical net efficiency of 34.7%%.

¢. Recent evidence indicates that the 200
EMW heavy-water moderated gas-cooled type
- reactor included in the original Sixth. Five-

Year Plan has been omitted from the revised

plan. This reactor was to have operated on

natural uranium as the fuel with a thermal-
- to-electrical efficiency of 28¢¢ and would have
required 80 metric tons of heavy water. IUis
not known:whether the plans for this reactor

have been merely deferred  or dropped.
altogether.

d. Four cxperimental (pilot plant type) re-
actors of 5 — 70 EMW cach are also included in
the revised plan.  These reactors arce stated to
be of the following types: a plutonium fast
reactor; a homogencous thorium-breeder re-
actor: a boiling-water reactor; and a sodium-
cooled, graphite-moderated reactor. 1t is not
known whether or not these reactors will be
used. as originally planned, to form a com-
posite experimental atomic power station.
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_PRODUCTION ' OF - FISSIONABLE MATE-'

RIALS .

40. Uranium Mining. Much quantitative in-
" formation is available on mining and ore en-
richment in East Germany. Sorme quantita-
tive information is available on the other
Satellites, notably Czechoslovakia. Rumania
and ‘Bulgaria, but information on the USSR
is limited to knowledge that mining is taking
place in a number of areas. (Sec Figure 1.)
We estimate that approximately 8.000 metric
tons of uranium (in terms of recoverable
metal) was minec¢ in 1956 in the USSR and
. its satellites, approximately 4.600 metric tons
~of which came from East Germany. The
total figure is subject to a considerable uncer-
tainty since we have no quantitative informa-
tion on internal Soviet production for which
we have assumed a value well within their
capabilities. The estimated cumulative ore
production through 1956 is more than suf-
ficient to support the fissionable'material pro-

“duction estimates.

)

Future Uranium Ore Procurcmient. The

bb Geological Suryey estimates that the Soviet
Bloc has several hundred thousand tons of
uranium in medium grade ore dcposnts and

an cven greater quantity in low. grade de- -

posits. Many of these reservesarc within the
“nyiet Union and could be exploited b\ present
ore recovery methods. If it is assumed that

the present estimated rate of expansion of ore .

productions (sce Table 1V) is maintained
through 1967, a reasonable estimate of Soviet
Bloc ore ploductlon would be as tabulated
below. We estimate that the actual cumula-
tive production will not be less than three-
quarters of the values shown and orc produc-
tion could be considerably higher if desired.

“This estimate of Soviet bloc ore production

will adequately support the estimated expendi-
ture of natural uranium through mid-1967

42. Other Raw Materials. There is evidence
that the Sovict atomic energy program has ex-
ploited ores of thorium, zirconium, and other
elements useful in atomic energy activities.

TABLE IV

UBRANIUM ORY PRODUCTION IN TERNS OF
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Although little quantitative information is
available, 'we believe that requirements for
atomic energy purposes would represent only
~a small percentage of the supplies of these

clements available to the Soviets. ‘ :

43. Economic Factors Affecting the Soviet
" Nucleer Progrant. Economic intelligence was
studied to evaluate the characteristics, magni-
tude and growth of the Soviet nuclear pro-
gram. First, industrial studies were made of
Zsme of the basic materials flowing into the
program, i.c., fluorspar, nickel powder. mer-
- cury, cement and steel to determine their
availability to the nuclear program. Second.
Soviet budget allocations were studied as in-
dicators of the size and growth of the nuclear
-prograin.

44. Commodity Estimates.. In all of the few
_cases wuere an evaluation has been made the
estimated nuclear production requirements
for particular commodities never exceed esti-
‘mated supplies available for this purpose. To

the contrary, available supplics of fluorspar.

and nickel powder sufficiently exceed csti-
mated production requirements as to sugpest
the possibility of a larger Soviet nuclear pro-
duction than has been estimated herein.

45. Budget Allocations. Available Sovict
atomic energy budget information does not
- permit a definitive cevaluation of the size and
“rate of growth of nuclear activities, Never-
theless, an analysis of the data.indicate that
the Soviet atomic program .could be signifi-
_cantly larger than estimated herein.  In par-
ticular, a preliminary analysis of * possible
cumulative nuclear investment allocations for
_the period 1945-1950 substantially exceeds
estimated capital costs based on the physical
size ‘of the program indicated by all other

intelligence.

46, Uraninm Metal Production. Information
obtained from ljetum(-d German  seientists,
“used in conjunction with data on calcium pro-
duction and timetables pertaining to Soviet
“uranium metal plants permits a fairly reliable
estimate of the amount of uranium metal
ready for reactor usc manufactured each year
up through mid-i952.  Analysis of this in-

T

formatici indicates that: (a) the first metal
suitable for reactor usc was made at Elektros- .
tal in carly 1947; (b) this plant reachec a ca-
pacity of 25 metric tons of uranium meta,
slugs per month by early 1950 and probably 50
tons per month by the middle of that ycar;
and (c) production lines of 25 tons of slugs
per month each went into operation at Glazov, .
west of the Urals, in September 1949 and mid-
1950-and at Novosibirsk, in central Siberia, in
late 1951 and mid-1952. No information is
available on subsequent activities at these
plants or at other possible uranium metal
manufacturing facilities in the Sovict Union.

47. In the absence of post-1952 uranium metal
plant information the subsequent production
has been estimated on the basie of uranium

~ ore procurement and an assumed ore reserve

program. The USSR has had a State Reserve
System since 1931 in order to create a planned
reserve of a large number of essential raw
materials and intermediate commodities to
serve as a bulwark against cither cconomic or
military events. Soviet uranium ore procure-
ment has exceeded uranium ore requirements

by an amount which can be best explained in .

terms of the assumption of a State reserve Lo
offsct possible loss of supply. Comparison of -
the uranium ore estimate with independently
derived estimates of uranium usage in. the
Soviet atomic energy program through 1953
strongly suggests that from 1946 through 1950
annual uranium ore procurement was kept
at such a value as 1o maintain a three year
resorve at all times, a pattern which is ap-
parently r(rpcatcd in the procurcment of other
materials for the atomic cncrgy progmm.
Post 1953 uranium metal production has

“therefore been cstimated from the uranium

‘ore procurement estimate on the assumptions
that the three year reserve was maintained in
the post 1950 period and that reactor tails were
the sole source of feed for uranium isotope
separation plants after mid-1953. - In the table
helow, the uranium mctal pr('»duct,i(m for re-
actor use has been estimated from plant in-
formation up to mid-1953 and from the wra- .
nium ore estimate thercaiter.

ET
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CTARLE VY
METALLIC URANTUM SLUG PRODUCTION,
(Motrie Tonsi

I'roduction Durine C Camualative -

Prodiction

TARLE VI
HEAVY \\'.\Tl".l{. l’l{'il)l'('fl'll)_\"
(Motrie Tous)

Produetion Duaring Cumnlative

C Pt ) C Preceding Yenr

Mid-19147
Mid-10s
Mid-1910
Mid-10450
Mid 14951
Mid-1002
AMida10a3
Mid-1951
Mid-1955
Mid-1006
Mid-10957

20

NS

2
00
o0
Rl

LT

2

Laon

L)

L0

A}
2in
150
L1
20100
S.a00
Land
Lt
20200
Ll
RS

Dicte
\id-1917
\id- 1S
Mid-1940
Mid- 1950
Aid-1ant
Mide1ui?
Mid-1053
Mid-1051
Mid-1955
Mid- 1956

Preeeding Year
f.ow.
4
15
0
S0
S
(K1
60
(1H)

0

Production
Low
5
20
6
120
159

3
pull

S60
130

Hu0

48. Heavy Water (D.0). Early in 1946 the
Soviets began the conversion and installation
of ‘equipment at the Chirchik Nitrogen Com-
bine in Central Asia to provide for the produc-
tion of by-product heavy water for atomic
energy uscs. Simultancously, Germany was
cxploited for heavy water, research results,
cquipment, and rescarch personnel.  About
mid-1946 construction of production facilitics

to use the water clectrolysis-catalytic ex- .

change method was started at five other
plants. Construction was also stasted on.a
seventh plant at Alcksin which used the hy-
~ drogen ‘sulphide-water  exchange method.
Limited production commenced at Chirchik in
1947 and at Aleksin in latc 1948. Most of
. the other plants began producing by 1040 or
1950. By late 1947 work was underway on a
plant at Norilsk in far north Siberia using the
“ammonia-water exchange system.  This plant
" probably did not begin heavy water production
until early 1955. No other heavy water plants
have been identified in the Sovict Union..
- Thus, although cight separate plants are now

belicved to be in operation. we estimate their

annual heavy water production to be only
about 70 metric tons per year.

49, The following cumulative estimate  of
neavy water produced in the USSR is con-
“sidered to be reasonably accurate up through
1953.  After mid-1953 the values given prob-
ably represent a minimum level of pro(lm:t,i(m.

50. Graphite. The Geneva and Mosenw Can-
ferences on Atomic Energy and evidence from

Nid-1957 70

returned German scientists have established
that at least four Soviet research reactors, in-
cluding their first one, used graphite as a mod-
crating or reflecting material. Statements by
L V. Kurchatov, an importiant figurc in Soviet

~reactor development, and information from re-

+urned German scientists indicate clearly that
the first Soviet plutonium production reactor
was also graphite moderated. The details of
the manufacture and procurement of reactor
araphite was still obscure, but it was appar-
ently available as carly as 1947. .

51. Lithium. A number .of Soviet tests have
used lithium as thermonuclear fucl.

cveral

Georman scientists worked during their “cool-
ing-ofl” period on the electromagnetic separa-
tion of lithium isotopes but they report that
the project was undertaken at their own voli-
tion and excited no Soviet interest. It is prob-
able that the Soviels are using a more cconom-
ical method of scparating lithium isotopes on
“a production scale. Their interest both in the
procuremenit of lithium ores and of mercury in
the post 1950 period sugpests that they may
be using the mercury amalgam mrihod. We
have no valid information on which to hase an
estimate of the amount of enriched lithium
“that might be available at any time, for
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weapon use. We believe, however, that the

A _quantity will be sufficient to meet require-
. ments. -

52 Uranium-235 Production.'* The estimate

of the timetable of initial Soviet U-235 pro-
duction is well supported by information ob-

‘tained primarily from returned German

scientists. These data also permit a reason-
ably good estimate of U-235 production
through mid-1953 based upon likely barrier
availability and gaseous diffusion plant effi-
ciency. Estimated Soviet production of U-235
after mid-1953 is based upon (a) estimates of
electric power available for uranium isotope.
separation and (b) estimated operating effi-
ciency of the Soviet uranium-:isotope scpara-

- tion plants. -

53. The first Soviet gaseoué diffusion uranium
isotope separation plant was built at Verkh-
neivinsk in the Urals in the two years follow-

. ing ihe spring'of.lﬁfﬁ, and came into full
‘operation during thelatter half of 1949. A

number of details of this plant have been

~furnished by returned Germans. It operated

at very low pressures and utilized flat plate

. barrier with high permeability.. The sepa-

ration capacity of this barrier and the overall
plant efficiency were poor. It was evidently
designed to produce about 200 grams per day
of 95% uranium-235, but in actual operation
only turned out 70¢; material. The failure-
of this initial plant to achieve its design goal
can be.ascribed both to a Soviet overestima-
tion of the performance of their flat plate
barrier and to major corrosion and inleakage
problems. This plant was reported to be still

- operating in 1953 probably producing small

quantities of 709 material which could have

been enriched to 90¢s in the much larger com- -

plex built in the 1'mst-1949 period at this site.

54. There is evidence that from 1949 on to
the present time there has been a program to

increase the basic efficiency of plant design.

The corrosion and inleakage problems which
were scrious in 1949 were solved adequately
by the end of 1950. Meanwhile plant con-

" See Iomnoté‘ 3, page 2, for the position of the
Director of Naval Intelligence.

struction, with newer designs incorporated.
continued at Verkhneivinsk, and construction
on a new site north of Tomsk in central Siberia
started in 1949. ' - '

55. From mid-1949 to the end of 1952 the
Soviets acquired large quantities of fine nickel.
" wire mesh from East German and Sovict
plants for use in the manufacture of a tubular
barrier designed by German scientists then
resident in the Soviet Union. Procurement of
this mesh in East Germany was stopped at
the end of 1952 but was resumed at a reduced
rate in 1956. There is evidence that produc-
tion continued within the USSR and possibly
in Poland throughout this period. Other
* barriers not requiring mesh were developed,
‘and at least one had successfully passed
through the pilot plant stage by the end of
1952. The information on the quality and

quantity of barrier made in the post 1952 -

' period is, however, too limited to scrve as a
basis for estimation. -

56.vAlthough initial plant expansion at Ve_r-‘

khneivinsk in 1951 was designed for depletion
to 0.3% U-235 concentration in the tailings,
evidence from the German scientists indicates
that it was operated at 0.5% at lcast until

1952, Furthermore, in view of the fact that .
there is an abundance of uranium ore avail- .

able to.the USSR, and that it is more cco-

nomical from the standpoint of both kilograms -

of product per MW of electric power input
and total quantity of output to strip to only
0.5%, the latter value has been used in all
these U-235 calculations.  The consistency of
all necessary assumptions on plant design with
the available evidence was established using
basic gaseous diffusion theory. These studies
establish not orly that Soviet plants are de-
signed differently from US plants, but that
the Soviets have independently advanced their
state of knowledge in the field of gascous dif-
fusion. However, the limited knowledge on
the rate at which many of the design improve-
ments investipated by the Soviets were in-
corporaled into the operating plants' ncces-
sitates a degree of uncertainty in the estimates
of plant operating efficiencies. ’
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av. Our estimate of the Soviet gascous diffu-
sion program from mid-1950 to mid-1953 is

based on

s well as on barrier fabrication
methods and barrier quality parameters re-
ported by returned Germans, dnd takes into
account the Sovict improvements in plant de-
sign reported by returned Germans and mod-
erate increases in compressor efficiency.  (Sec
Table VII.) According to this estimate, the
Verkhneivinsk Complex produced the U-235
_for the 18 October 1951 weapon test and at-
tained a production rate of about four kilo-
grams per day by mid-1953.

58. \Vé estimate that by ‘mid-1953 the Soviets

had achieved an improved and fairly eflicient”

gascous diffusion process, some four (4) times
more efficient than their earliest efforts.  This

evidence of increased Soviet capability has

been extrapolated into the post-1953 period as
a gradual improvement in the efficiency of
utilization of electric. power. These increases

in efficiency can be predicted with some de-..

gree of reliability during the mid-1950's -in
terms of the application of improvements
which the Germans helped develop -through
1952. Beyvond mid-1957. this extrapolation is
an assumption of gradual progress achieved
through improved barricr and compressors.

59. A considerable amount of information on
the generation and distribution of eclectric
power in the Urals area has become available
during the past vear. The most important
new cvidence indicates that the majority of
‘the power generated at the Nizhnyava Tura
power plant is being sent southward teward
Verkhneivinsk. This leaves the function of
the large atomic energy site near Nizhnvava

Tura in doubt and strongly suggests it does

not manufacture uranium-235.  However. the

estimated clectric power available to isotope 8

separation for the current perind tmid-1953

mid-1957) can-be calculated with a fair degree
of accuracy. This calculation is made by sub-
tracting from the total power available in

TOF

LT

areas of probable Soviet gascous diffusion
plants that power estimated to be required for

[ other industries, for export to other localities,

and for local non-industrial uses.

60. Our cstimate of future electric po'wci' al-

locations to isotope separation is fundamen-
tally based on the assumptions that the So-

viets will have expanding requirements for

U-235 throughout the 1957-1966 period and

-will implement the production program neces-

sary to meet these requirements.  While these
assumptions arc consistent with available ia-
formation, the extent of the actual expansion
will depend on future Soviet decisions and-ac- -
tions which cannot be accuirately predicied,
and our estimates must have wide ranges of
possible error. In arriving at these estimates,

‘consideration was given to a variety of factors
-such as the planned future availability of elec-

tric power in regions of known isotope separa-
tion plants, the difficulties the Soviets are
having in expanding ‘their economy at the
currently planned rate, and current evidence -
reflecting requirements for U-235 for military
and nuclear clectric power purposes.

61. The electric power estimated to be avail-
able for isotope scparation through 1967 was
arrived at by carrying forward the same pro-

portion-of new generating capacity devoted to

rascous. diffusion isotope separation as that
utilized in the period 1950-1956. The result-
ing value of 2,700 MW for the period from
mid-1960 to mid-1961 is consistent with the
midpoint of the range of clectric power esti-
mated to be potentially available at that time
for isotope separation near Verkhneivinsk and
Tomsk, and in the Irkutsk Oblast. The in-
dicated expansion in the succeeding six years
to 5100 MW, for cxample, is less than the
total power to be available from the new, giant
Bratsk Dam, in the Irkutsk Oblast.  This

value implies that in 1967 in the region from

cast of Lake Baikal to the western border of
the Urals. gascous diffusion plants will con-
sume about 25%2 of the available clectrical
enerpy or 377 of the energy from generating -
capacity instadled after 1956, However, this

value is only 775 of the total planned electrical - . '
energy developed by the USSR in that year, '
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62. The uncertainty in the cumulative esti-
mate of Soviet U-235 production through mid-
1957. as shown in Table VII, is large but prob-
ably does not exceed a factor of two, i.e., onc
half to twice the stated quantity. However,
the estimates of future production could be
substantially greater or smaller than esti-
mated. since these figures are based on as-

sumptions of future Soviet capabilities’ and .

- plans, and some of the latter may not yet have
heen decided by the Soviets themselves.

~ 63. U-235 Requirements of Power Programi.
" The amount of U-235 (90% equivalent) which
the Soviets wiil sacrifice from their available
weapon reserves has been obtained by esti-
~ mating the fuel requirements for each planned
‘reactor. The fuel requirements were deter-
.mined by utilizing the intelligence data wher-
ever possible supplemented by operationa! in-
formation obtained from known reactors of
the same type. Soviet statements have indi-

ET

cated an expansion of 25,000 megawalts by
1985. For purposes of cakulatlon we have
assumed an average expansion of 600 EMW
per yvear for the first six years of the cxpanded
nuclear power pmg,mm 1961 to 1967.

63a. In Table VIII, the annual fucl 1cquuo-
ments have been appropriately allotted on the
basis of assumed Soviet practice to provide
an indication of probable uranium-235 ex-
penditure in ‘the power reactor program. - The

" cumulative estimdte of 90% U-235 cquivalent

presented in Table VIII as expended or tied
up in the nuclear power reactor program is.
subject to considerable vanatlon depending
on Soviet plans for different reactor designs,
the date each reactor is placed in operation,
and the method and schedulc of fuel re-.
pxocessmg ' :

64. 'Production RCaétors. There is " evidence
that construction on the first Soviet produc-

TABLE VI

ESTINIATED SOVIET

Ietimated Anmaad Average
Lleetrie Power Available 1o
17220 Production Sites:
Year Preceding
MW

Poate
Mid-Yeour
(EII0
1oasn - A
0y
150
2H0

SRS

)
110
Loy
R
2500
JTon
100
Lol
000

Fenn
[RLTAS I
pon
a6y
| RTHR B
1", 00
[ KU . . . Lqan
JOnT. .- . L0

-'...-'.2.'.5'.3(;

I N foottote 0,
B ie seenmied 900 of this eleetrie power

PRoObDErCTION OF

Utilization
MWD G

URANIUM 2331

Fistithated Avernge
Ilicieney of
Fleefrie Power

Cunntdative
Production
Koo, 17285
rounded

Iostimneted
on SMream
Time in
LM [ o a0
[N T S0 ] 280
LN 1 ’ 85 000
[T ) o 2100
o0 [ S 00
N I 1]
" §2, 000
h) IR0
00 . LUK, 000
100 12,000,
100 2%, 000
O R}, 000
M) 106,000
1o A6, 000
10 . 172,000
fon - 213,000
! : 100 C 20,000
e o 312,000

f

pnu 2 for the position of the Drivector of Naow al Inteliigenee,
available to produetion sites was vsed within the diffision cisenade itse If

W Faetor derived from eleetrie poser estunate divided by the prodaction rate eddenlated from barrier infornetion,

Tt Do ptitne sdter 1907 s considered o b negdivible
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TABLY VI

I*ll\l ATE l’ USE oF 17-285 BY THI SsoVIET
I'(l\\l K ll"'( JUAN

Teotal Cumulative

v LMW Paves, G, 1235
“Date frstalled haes & lln'-‘nb.nr.\\
Mid-1058 5 v '
NMid-junn 1o : L Ton
Mid- 1t F. 155 2010
Mid-1uat F.-Hn 4.010

it o6 1. son I
Mid-1463 2300 : 6,080
Mid-1emig S000 CRL060
Mid-19465 3600 1,880
Mid-1066 4,200 S 14, 1060
\lul l“ha ‘ 4,800 . ' 17.750

l!;a- avernge initind inventory for euxch farge re-
actor was ealenlited 1o he m;ui\':ul--nl to ahout
a0 kilograms of 407 U 235 l'h- avernage an-
nual consumption of 07 U-235 by ench larce
reietor wis exlenb:ited tnln i |lo nut to 130 Kilo-
The requirements of the eaperimental
are pot in.

Cgerams,
L stations ape very <tall and therefore
vluded.

tion reactor started early in 1947 near
Kyshtym in the Urals and that it went into
operation about mid-1948. Statements by re-
turned Germans and from I. V. Kurchatov
strongly indicates that this recactor was similar

in some respects to the early Hanford models. -

The reactor reportedly was water cooled and
graphite moderated, used about 100 metric
tons of uranium, and had about 1.000 vertical
fuel channels.
100 megawatts of heat power initially but may

later have been raised to much higher power

levels as has been the case in US experience.
The urgency. of the Soviet program during
~this period is perhaps reflected in the fact
“that construction of this reactor was under-
way some six months before the USSR's first
research reactor (also graphite moderated)
went critical in the late summer of 1947.

65. Thcrc is information that a heavy-water
moderated reactor went into operation at
Kyshtym sometime toward the end of 1949,

Construction of this reactor probably began

about the same time construction was initiated
on the heavy-water rescarch reactor - which
. became operational in April- 1949 at the
“Thermo Technical Laboratory in Moscow.

L S R S A e h e e s 5 A g G
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Continuing Soviet production of hcavy water
indicates that subsequent heavy-water pro-
duction rcactors must have been built, but

and the availabilily of ura-

It probably developed about -

“oped a better proeess.

nium mctal through 1952 both indicate that
post 1949 reactor construction in the Sovict
Union was not limited to heavy water reactors
alone. ‘

66. The exact schedule of react,or construction
after 1948 is not known. Deductions from-es-
timated uranium metal availability, heavy
water production, and site timetables suggest
that five or six procuction reactors were con-
structed at Kyshtym by mid-1952, of which
two or possibly three were heavy-water mod-
erated. There is evidence that a sccond re-
actor site went into operation in the area
of Krasnoyarsk, probably in 1953. The esti-

mated availability of uranium metal and
heavy water in 1953 and later suggest that
two or three large heavy-water moderated re-
actors have been built since 1952 pr esumablv
in the Krasnoyvarsk arca.

67. Tnitially the separation of plutonium from
uranium and fission products was done by an
oridation-reduction-co-precipitation  process
which differed somewhat from that initially
adopted by the US. It was planned to recover
uranium as well as plutonium, since the ura-
nium melal plant at Glazov was designed to

“process reactor depleted uranium. as partial

feed material. Soviet and German. rescarch
on solvent extraction and other methods in--
dicates that the Sovicts may have later devel-
However, Soviet inter-
est in solvent extraction methods at the 1955
Geneva Conference on Atomic Energy, and
their subsequent publication of rather cle-
mentary studies of a solvent extraction method '
suggest that they may still have been using
their initial process as late as 1956.

68. Plutonium Eqnivalcnt Production.'t ]

“See footnote 3, page 2, for the position of the
Director of Naval lr'ltollluf-nce.‘
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the Krasnovarsk arca of central Siberia and

/The extensive use of

plutonium in Soviet nuclear tests, particularly-.
in the 1956 thermonuclear tests, while expli-
cable on technical grounds, suggests that the
Soviets would have increased the production
of plutonium equivalent. C
71. Assuming that the Soviets expanded plu-
tonium equivalent production after mid-1953.
it is difMcult to tell when this expansion took

placc,g

70. Evid- ace from various aspects of the So-
viet aton © energy program suggests, howcver.
that a = :nificant expansion of Soviet pluto-

nium ec tivalent production has taken place
sometin © since mid-1953.  Soviet procure-
ment of raw materials for fissionable material

product on, particularly uranium ore and

- fluorsp: v. has ccntinued to increase. Al-.

though this procurement increase does not

“necess: nily indicate corresponding and pro-.
Jportic al increases in fissionable material pro-

duction, the quantitics of raw material appar-

“ently  accumulated are not consistent with a
" constant level-of plutonium production, even

when the estimated large increase of U-235
production since mid-1953 is taken into con-

' ‘sidcrati(m. There is also evidence that a sce-

ond Soviet production reactor site was built in

72. Our estimate is based on the assumption
that the Sovicts gradually expanded pluto-
nium equivalent production beginning in 1954.
The estimate has been derived from estimated
uranium ore procurement and assumed stock-
piling practices; cstimated feed practices in
U-235 separation plants; estimated heavy
water and uranium metal production; csti-
mated site construction time schedules; de-
ductions and assumptions on Sovict reactor

designs and

~ [The accuracy of the result-
ant estimate of plutonium equivalent produc-.
tion is particularly dependent upon the valid-
ity of the reactor irradiation time estimate,
the uranium ore estimate, the use of recactor
tails only in separation plants since 1953, and
the estimate of uranium ore stockpiling prac-
tice. o

73. Our cstimate of Soviet plutonium cquiva-
lent production is based on an expanding pro-

gram
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fhe reactor operating cycles, however, the
.shorter the cycle the greater the operaling
cost. The Soviets have stated that the plu-
tonium produced in the power program could
conceivably be reprocessed and utilized as re-
actor fuel in an attempt to make the nuclear
power program as sclf-sufficient as possible
with regards to fuel. It is belicved that this
concept was discussed for its ‘psychological
effect but that it would not be adopted because

) : » TABLE IX
l'(.l?1’¢).\'ll.’xl EQUIVALENT PRODUCTION TO
: MID-jusn ‘

(K tloaromss

Fstimated Crmnlative

1rate I’roduction
Mid-101y ' W
Mid-1970 12
Mid- 1031 Fon
Mid-1u52 125
Mid-1953 .TT0
Mid-1451 ]
©OMid-1955 2,350
CMid-14an 3,000
Mid-1457 R

S R footnote 3, page 2, for the position of the Direetar
of Naval Entelligence. :

. 74. Future Plutonium Equivalent Production.
We esiimate that the USSR will continue to
place a high value on plutonium equivalent
and to make a considerable effort to produce
large quantities of it. The Soviet production

. from 1957-1959 has been estimated on the
" same basis as for the 1953<1957 period.
Starting in 1959 we assume that all new plu-
tonium equivalent production capacity will

- come from the power reactor program.

75. Plutonium Production by Power Rcactor

Program. S

/The suitability of
the plutonium for some types of weapons will
decrease with an increase in the duration of

T

plutonium is more valuable in the weapons

program.* The major impact of the nuclear

electric power program on future fissionable

material stockpiles, either as a consumer of

U-235 or as a producer of plutonium, wili de-

pend  after 1961 upon the results of “the

planned program through 1960. Table X

gives the estimated total installed electrical -
megawatts and the plutonium production of-
the nuclear power program.

TABLE X,
EXTIMATED »I'Itﬂlli'("l"l‘h\' OF PLUTONIUM BY
THE SOVIET POWER PROGRAM

Annnal Cummlative
Toral MW Produetion AProduction
RIS Ioasteatledd AR logritms) (N ilograms)
Mid- 1058 5
Mid- 14549 o .. D
Mid- 1960 1,155 200 200
Mid-1061 1100 500 . 700
Mid-1u62 L.san 600 - 1,300
-1 200 KO- BRI
M- b0t 3,000 1. 100 ) 3,200
Aid-1965 3,600 [T 1. 600
Mid- o6 ) L T00 6,300
Aidd- 1067 (] 2,000 o K300

76. Thé estimate tabulated below includes
plutonium from both jn‘oduction and powcxf-
reactors. It must be recognized that the un-
certaintics about future Soviet plans intro-
“duces large errors into the future produution
estimates and that these errors -increase
rapidly as the estimate is extended into the
future. It is not belicved that a meaningful
- numerical range of this uncertainty can be.
given after mid-1957. ’ '

"‘.So(r footnote 3. page 2, for the position of the .
Director of Naval Intellicence.
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bt - - TABLE \I/

ESTIMATE OF TOTAL PLUFONIUM EQUIVA-
LENT PRODUCTION ¥

Camulative
o Production
Mid-Year

DR g amsy
057 5,600
1058 . T 0
fasn . aon
JO60 : 12,600
14031 15.500
[RUHY IN, 500
| RTINS 20,700
1961 L2200
[ C20 000
[RUHD . 33100
Cpuny . 07 .o

HRee footnote 2. for the posi-
tion of the

telligence,

g, e
Dircetar of Navad To-

7. Tritium.>* The first' known Soviet inter-
est in tritium was revealed by the publication

in late 1948 of a comprehensive review of the-

literature on tritium by M. B. Neyman, a staff
‘member of the Soviet atomic energy author-
ity. Returned Germans report that by 1952

tritium was available for research in their '

* thanum which is found in thorium-bearing

laboratories.

We estimate that tritium availability up to
‘mid-1959 would not be more than 10 of the
total plutonium equivalent and after mid-1959
that tritium production be limited to 20-50%¢
of production reactors’ and 5% of power re-
actors’ capacity for plutonium ploductxon

‘78, Uranium-233.5* Active Soviet interest in
thorinm-bearing mincrals started about mid-
1946 with the formation of a special directo-
rate for their exploitation. Although part of
this interest lay in the requirement for lan-

* For plaaning purposes the production of 1 gram

“of tritium is equivalent to the production of 100
‘prams of plutonium,

For planning purposes the mudurtlun of 1 gram

of uranium-233 is equivalent to the prndu(u«m

of 1 uram of plutontum.

minerals and was needed for the Soviet pluto-
nium separation chemical plant, German sci-
entists at Elcktrostal were also required to de-
sign a process for the production of pure
thorium oxide.  Subsequently, the USSR ac-
quired considerable thorium stocks. How-
ever, until the appearance of U-233 in the
high-yield test of 22 November 1955, the only
certain production of U-233 from thorium was
the research quantities mentioned at the

Geneva and Moscow Conferences on Atomic

Energy. There has been no detected weapon

- use of U-233 since the November 1955 shot,

and it appears probable that the Soviets are
not making important quantities of U-233 for
weapon stockpiling at present. The interest
in thorium breeder reactors in their power
reactor program suggests a possible future
weapon utilization of the material.

79. Future Fissionable- Materials Available for
Wegpon Uses. The estimated cumulative .
quantitics of fissionable material available for
weapon uses are tabulated below. The

amounts have been calculated by deducting

TABLE XTI
FISSIONARBL Vo MATERIALS AV \ll -
ABLE FOR Wi \l’(l'\' l*l

II\ llm/mmv)

EXTINATED

PPIntoniin

Mid-Year U= 2385 Lguivalent
1949 . ) : -6
s B
js1 L 180
1n2 K25 410
19538 2000 v TH0
a4 . R _ 1.350
1955 : T.000 : 2,300
156 11,500 Cogs00
1057 17500 5,500
1958 27,500 700 -
1959 1L 000 0,800
10960 S6, 000 12,1400
1961 . 77,000 15,300
P 101,000 : IR0
[RL] 124, 006 . DL A00
1061 1453, 000 25,000
[ L2 000 28,800
1066 245,000 HRUITN
167 . S Oy a7L800

Hkee footnote 3, page 20 for the position,
af the Diveetor of Naval Intelligenee,
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from the estimated production those quanti-

“ties of fissionable material estimated to meet

pre-1957 nuclear test expenditurces, and to
meet the inventory and fuel requirements of
research and power reactors. No deductions
. have been made for production recactors.ex-
penditures, future nuclear tests. propulsion
- applications of fissional :naterials, or muterials
tied up in weapons manufacturing pipelines.
If a major nuclear propulsion program were
undertaken, this would require substantial al-
locations of fissionable material.

Vil. SOVIET NUCLEAR WEAPONS ..

80.. Nuclear Tests.
test was conducted in 1949, at the main Soviet
proving ground in the vicinity of Semipala-
“tinsk, and was followed by tests in 1951, 1953.
1954, 1955. 1956 and 1957.
have been: detected in which plutonium,
~uranium-235. and in.one instance’ uranium-
. 233 have been used as the fissionable mate-
rials.  As many as ninc of the tests may have
been directed toward the development of
thermonuclear weapons. ’ :

81, 1949 and 1951 Nuclear Tests. The August
1949 test explosion apparently was conducted
as soon as suflicient plutonium was available.
It utilized an all-plutonium core, yvielded ap-
proximately 20 kilotons (of TNT equivalent),
had a relatively low efficiency, and apparently
closely resembled the first US implosion
weapon. The two test explosions in 1951
démonstrated a marked inerease in the. effi-
cieney of utilization of fissionable material.

terial used in this device was lithium deuter-

ide,

83. 1954 Nuclear Tests. Seven explosions oc-
curred in 1954. The first, which took place
necar Totskoye, we cstimate to be an airdrop
of a nuclear weapon as part of a military exer-
cise and weapons effects test. - The remaining
six tests occurred at the main Soviet proving
around in the vicinity of Semipalatinsk. All

‘tests of this series vielded 100 kilotons or less.

The first Soviet nuclear .

A total of 35 tests

84. 1955 Nuclear Tests.  Five nuclear detona- -
tions occurred in 1955. JOE 17, on 21 Scpt.

1955 was the only Soviet nuclear explosion.

known to date to have occurred under water.

“The JOE 18 test viclded about 200 kilotons,

and is considered to have been the airburst of

a weaponized version of the JOE 4 device] \ :

developmicnit ol great significance
was JOE 19, the airburst on 22 November 1955
of a thermonuclear weapon which yielded
about 1.7 megatons. It s highly probable '
that this[

The sccond of these tests,

JOE 3 with a composite core, revealed that the.
USSR had been able to produce weapon grade
U-235 in kilogram quantities,

82. 1953 Nuclear Tests. The four explosions
in 1953 demonstrated that the USSR was scek-
ing to supplement the medium-yield weapons
tested in 1951 by the addition of both high-
vield weapons and low-yicld, smalter diameter
weapons, JOE 4, aljwt]t hermonuclear
device detonated on nipust 1953, vielded
’al)out.IBOO kilotons. The thermonuclear ma-

——

marked the cffective begmmmg—

“or = Soviel multi-megaton nuclear weapon

capability. - Another test, JOE 16, may have

heen detonated at a high altitude |

85. 1956 Nuclear Tesls. The 1956 Soviet nu-
clear tests are particularly significant.  Tests
extended throughout the entire year, from 2

“February until 14 December, and included 9

nuclear detonations. /
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fOE 24 and JOE 27 were air burst
tests vielding 2.2 and 2.7 megatons respec-

tively.

86. 1957 Nuclear Tests. The 1957 tests began
with a detonation on 19 January 1957 at 50 N,
48 E.. about 100 miles NNE. of Kapustin Yar.
This air burst vielded about 4 kilotons.

TABLIE

FVALUATION OF

The:

SOVIET

31

facts that the test was a 1c]at1vclv low air-
burst. was detonated near a Soviet "u1dod
missile test center, but not on the ballistic
missile test range, and was completely re-
‘moved from any previous nuclear test loca-
tlon suggest the test of a nuclear warhead in
a missile, possibly an air-to-surface type. The
next test. which was conducted on 8 March
1957 at the Semipalatinsk test site, yielded 15

KT, was an air-burst,[

[:\Commencin" 3 April, five deLo-\
nations occurred in fourteen days. All of the
tests took place at the Semipalatinsk site.
These tests occurred too late to permit com-
plete analysis prior to publication of this esti-
mate. Preliminary information indicates the
vields were as follows: (a) 3 April, 70 KT; (b).
6 April, 70 KT;.(c) 10 April, 1,300 KT: (d) 12

April, 30 KT: and (e) 16 April, 750 KT.

NI

NUCLEAR FESTS

Yield

Parer Hedeht it (KT

=nrfaer
Surfoee

Air

1,000 .5 ot
\ir
Possibily oner 2000010

Air

R Y I'robatids

S Do ot 5t i
N YRS LI R | o
DA LY C NI T
LT 21 S

Poesibly aver 200000

Vinderwater

Sae footnntes at end of tuble,
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TABLE, XHI (Contruueds

. Yield
Boar<t Hepubt ({10 KT
1500 S G0 VI

2.000- 10t 1,760

Air

Suarfaee
Surfoaee

hSH S HIVE

2000 4 0

F.O00 5000

£.000 .- K (i

Probably Air
Probably Air
i'n»}i])]_\' Air
Possibly Air
Possibly Air

~Xpproxmmnanley,
woTasas than,

wGreater thas

87. No direct information is available on the

specific nuclear weapons types in the USSR
stockpile. However, Sovict nuclear tests have
indicated that several types of weapons have
been proof-tested. and such weapons types are
probably included in the present stockpile.

88. In Table X1V arc listed the estimated pres-
ent and future Soviet nuclear weapons devel-
opment capabilities. The characteristics of
the weapons estimated to have been proof-

tested have been derived from the nuclear test
data making recasonable specific choices of
vields, diameters, weights, and quantities of -

‘fissionable materials-in cases where the test

data indicate a range of possible values. = The

~ characteristics of the other weapon types esti-

mated to be available to the Soviets at the
present time have, in general, been derived
from the proof-tested weapons, other tests,
and substitute designs which- are considered
to be well within Soviet capabilities. |

:
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89. Current Fissicn Weapons. It is estimated
that the current Soviet nuclear ‘weapons

SECRET

considered that, because of the simplicity of

design, weapons of this type could now be
available in stockpile. |

stockpile could contain fission weapons

.However,

ve Delieve that the Soviets

possess the capability required to produce fis-
sion weapons with a wide range of dimensions

and vyiclds,

"90. Current Thermonuclear Wcapom

m VICW O ack of test evidence, we estimate
that the Soviets will not stockpile such weap-
ons in quantity because of the large fissionable
“material requirement. ‘

92. /

a93. High-Yicld Missile Warhecads. In NIE 11-
5-57 we have estimated that the Soviet guided
missile program has design and successfully.
tested a missile with a range of about 700 miles
and a CEP of approximately 2 nautical miles.

We have estimated that this missile can carry

The 1956 nuclear tests included a number of
“thermonuclear devices. and-weapons bused on
these tests could become available in the 1957

period.

a  warhead. weighing 6,000 pounds. This
Soviet requirement for-a high-yicld, 6,000
pound warhead has been considered in inter-
preting data from thérmonuclear tests,

a4. Any prediction of. future Sovict weapons -
development must be made by extrapolating
estimates of present Soviet capabilities and
by cvaluating the estimated military require-
ments of the USSR and the apparent gaps in
the Sovict nuclear test program. - As’in our
assessment of carlier Soviet, weapon designs. .

01, Gun-Assembly Weapons. Although the

USSR is not known to have tested nuclear

weapons cmploying gun-type assembly, it is

[—

US nuclear weapons technology has been used
as i guide in evadnating future Soviel weapons.
capabilities, in order to permit rough esti-
mates of the capabilities of the USSR in the

TOP SFeiLET
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post-1957 pcriod.r 933 with uranium-235 is considered. within
Soviet capabilities. .r

06. Boostcd Nuclear Weapons.: |

[depend upon the successful
application _of tritium gas boosting,

L__!__.!Jlmodcd weapons wWill be
replaced in the stockpile by more efficient and :
. . . iyt S s teenmique wiT permit the development of
ceonomical designs as these become available. - e :

: smaller diameter thermonuclcar weapons, the

Consequently, the composition of {he USSR AP .
. : development of pre-initiation proof weapons

~ nuclear weapons stockpile at some future date i ke officient. use of fissionable mate
“is extremely uncertain. ' o . U o -
: : rials in low-yicld devices,

95. Future Thermonuclear H't‘u;mnxﬁ Furthermorc, smce rium is
’ =unject to radioactive deeay with a half-iife of
12 vears, we cstimate that production and
stockpiling of iarge quantities of tritium will
not begin until the Soviels have achieved a
satisfactory test of the cas-hoosting technique.

Thus production of [ %’(.‘Hp-

wvill

onsl
be limited by the stockpile of tritium available

at the time of production, and calculation of
the stackpile quantitics of these weapons
<hould be limited by the quantitics of tritium
in current production during the 1960-1961
pirriod. Since the production of iritium in
reactors is competitive with production of plu-
tonium. it is also assumed that an cconomy in- -
the use of plutonium will be practiced in this
perind for any weapon in which uranium-235
can replace plufonium for the fissionable core.

While (he 10956 USSR
“thermonuciear Tests appear to use pure plu-
tonium in the weapon primary. the use of
composite primaries vl plutonium or uraniums-

TO Rl
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97. Fission Yield from Sovict Thermonuclear
Weapons. We can only determine within very
broad limits the ratio of the fission yicld to
the total yield for the large Soviet thermonu-

‘nuclear wcapons, a wide

clear - weapon tests. r

98. Nuclcar Weapons Development After 1961.

‘We have no basis for cstimates of Soviet nu-

clear weapons development in the post-1961
period. In general, we anticipate that the
USSR will be capable of producing nuclear
weapons of the range of yields and charac-
teristics required for support of Soviet mili-

tary requirements. [

In addition to thermo-

ariety of fission

weapons, including very small low-yield weap-

ons. will be available to meet various require-

ments. _ -
99. Requirements for- Centinued Testing in-
the Soviet Nuclear Wecapons Program.*> The

Sovict test program has already provided sufli-

cient data for the rapid and successful de-

velopment of a variety of nuclear weapon

types. The majority of the 35 Soviet nuclear

detonations detected by the US appear to have

been primarily . weapons development  tests,

although military interest in weapons effects

tests is evident in the Totskoye test of 1954

and the Novaya Zemlya underwater test in

1955. We believe that the Soviets will stock-

pile, in significant numbers, only weapons em-
ploying tested design principles. Major im-
provements in weapon design, which resuilt in

significant changes in anticipated yield, or

new weapons designs and concepts will prob-
ably be tested before stockpiling.

100. Thermonuclear Weapons Tests. Eight or
nine of the 35 detected Soviet nuclear tests
“probably involved detonation of thermonu-
clear weapons or devices with thermonuclear
weapons design. principlcs. These tests have
provided sufficient design data to permit So-.
viet stockpiling of thermonuciecar ‘weapons’
with vields up to a few megatons of TNT

cquivalent. |

~Tre GNIE 100-7-56, “Effect of A Test Moratorium

On The Soviel Weapons Developnent, Program,”
13 November 1956,
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101. Boosted and Low-Yield Weapon Tests. |
_vield nuclear tests will probably. be considered

Increasing the efliciency of utilization. of fis-
sionable material in low-yield weapons by the
addition of fissionable material,-a technique

Additional low-

.called “boosting,"|

desirable to verify the reliability of such nu-
clear weapons when adapted to specific deliv-

~ery systems.

ViIl. NUCLEAR PROPULSION

102. Application of Nuclear Propulsion for Air-
craft by the USSR. There is no cvidence of
Sovict activitics directly identified with a pro-
graim for nuclear aircraft propulsion. How-
ever, the Soviets have made increasingly fre-
quent references to the feasibility of aircrait

[ —
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nuclear propulsion - during " the past year.
These have ranged from popular discussions
in newspapers and magazines to statements
by some of the highest officials in the USSR.
It is believed: that the amount of discussion
permitted on this stibject reflects Soviet con-

- fidence that they will be able to develop a

pxactxml system of aircraft nuclear propul-
sion. Somec of the research known to have
been conducted by the USSR could apply ap-
_propriately to nuclecar propulsion for aircraft.
It is assumed that a nuclear propulsion reac-
tor research program for aircraft began when
it was realized by the USSR that certain reac-
tors could be utilized for this purpose. We
estimate that:

(a) The Soviet aircraft nuclear propulsion
reactor program is probably now engaged in
development and testing of reactor compo-
nents and sub-systems.

(b) A reactor system suitable for nuclear
propulsion of subsonic aircraft could probably
be available to the Soviets in 1962.

- 103. Intelligence indicates that the USSR has
~considered the feasibility of nuclear propul-
- sion foi missiles. At least preliminary design
studies have been conducted for a nuclear pro-
pulsion system but a nuclear reactor program
for missile propulsion has not been identified.
The Soviets have openly published a paper
describing in general terms a reactor system
for missiles which appears to be technically
sound. We estimate that the USSR has. a
most. conducted basic research on deveiop-
mental components for such a system.

-104. Naval and Marine Applications o[ Nu-
clear Propulsion by the USSR.
Union exhibited an interest in nuclear ship
propulsion as early as 1948. Publications and
statements in 1955 and 1956 have confirmed
this interest, which has been extended to in-
clude nuclear-powered submarines, trans-
ports, large cargo ships. tankers. factory whal-
ing ships, and the highly publicized icebreaker
now under construction at Leningrad. There
is no doubt that a nuclear propulsion - reactor
suitable for naval and marine applications
is currently under construction. On the basis
of the current state of Sovict reactor research
and dcvelopmcnt, the status of the icebreaker

The Soviet-

ET ' 37

construction, together with reli‘ed time scales
derived from US expericnce, we estimate that:
(a) A nuclear propulsion reactor for a sur-
face ship (icebreaker) will be.installed in carly
1958, and that the ship will undergo opera-
tional tests in late 1958 or carly 1959.
(b) A nuclear propulsion reactor for a sub-

marine could be available for installation in

1957
(c). That by the time these ships complete
operational tests, the Soviets could undertake

_the coustruction of a variety of surface ships

and submarines,

105. The reactors employed in the first sur-
face ship and submarine will probably be of
a pressurized ‘water type and use enriched
fuel. The Soviets have considered other types

- of reactors for propulsion purposes, specifi-

cally the liquid-metal, the gas-cooled, the fast

‘breeder and the homogeneous-boiling types.

The first two mentioned could be adapted to

surface ship pmpulsxon in the near future;. .

we believe that the Soviets could construct
one or both these types of reactors for surface
ships by 1960. Unti! 1960, the reactor most
likely to be used in a submarine propulsion

. system is the pressurized-water type. Soviet

reactor engineers have stated that homogene-
ous-boiling water reactors may be the best
type for marine propulsion. This type reac-

tor could be adapted to.both submarine and .

surface ship propulsion-after 1960.

X, INTERNATIONAL ACTIVITIES

106. Soviet Aid Lo Bloc Nuclear Research. The
Soviet Union has continued in her role as an
active participant in international atomic
energy activitics. The program of aid to the
Bloc (the furnishing of 2 to 6.5 MW, slightly
enriched, swimming pool-Lype rescarch reac-
tors, particle accelerators, radioisotopes and
technical training of personnel) as announced
in January 1955 is still in progress. Construc-
tion of the physical facilitics to house the reac-
tors is underway in the Bloc countrics. De-
livery of the actual reactors is scheduled for
1957. Bloc scientists have gone to the Soviet
Union for training and Sovict scientists have
come to the Satellites to lecture on atomic
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energy for peaccful purposes. Shipments of
radioisotopes have been made to all of the
Bloc countries. Exhibits similar to the one
displaved at the Geneva Conference in Au-
eust 1955 have been sent by the Soviet Union
‘to several of the Satellites. These exhibits
have also been sent to India, Sweden and
Yugoslavia.

- 107. Soviel. Offers of Power Rcactors. The
Sovict aid program has been expanded to in-
clude assistance to the Satellites in the con-
struction of reactors for the production of
electric power. Czechoslovakia, East Ger-
many. Hungary and Rumania have reported
plans for Soviet assistance in the construction
of 100-200 MW reactors within the next five
‘years.

108. The Joz’nt Nuclear Rescarch Institute.

The Joint Nuclear Rescarch Institute, located

at Dubna near Moscow. was created in 1956

“to serve as_the focal point of Sino-Soviet Bloc
technical cooperation in nuclear energy. - The
primary functions of the Institute appear to
be: (a) to coordinate-and guide joint theoreti-
cal and experimental nuclear rescarch in-the

-Bloe; (b) to exploit the potentialities of the
.Bloc nuclear scientists: (c) to train Bloc sci-

- entists in the use of equipment such as par-
‘ticle ac@lerators and experimental reactors:
and (d) to minimize the attraction for Bloc
scientists in participation in non-Communist

_nuclear rescarch centers.  All Sino-Soviet Bloc
countries have membership in the new orpani-
zation. The dominating role of the Soviet
Union is reflected by the physical location of
the Institute. the control exercised over the
activities. and the annual financial contribu-
tion to the operation and expansion of the In-
stitute. Some of the Bloc countries have-indi-
cated concern that membership in the Insti-
tute will result in Soviet domination over
the direction of any rescarch and Bloc sei-

“entists will hot be free to follow projects of

their own choosing. It has  been publicly

stated that participation in the work of the

Institute will be open to non-Bloc countries.

109. Soriet Aid to Non-Bloc Counlries. The
~ most extensive aid agreements to non-Bloc
“countrics have been made with Yugoslavia

TC

. the other party.
- of any actual negotiations between the Soviet

38

and Egvpt. Yugoslavia is scheduled to re-
ceive a 6.5 MW rescarch reactor and other
technical aid similar to that given to the Satel-
lites but negotiations concerning terms for .
delivery broke off without agreement in carly

"1957. Egypt is to receive a 2 MW research

reactor, research equipment, training and as-
sistance in a geological survey for uranium
ore. In October 1956, Shigcharu Shimura,
a member of the Japanese Joint Committee
for Atomic Encrgy was informed by Nesmeya-
nov, President of Academy of Scicnces and

‘Slavsky. . Chief  Main Administration for

Atomic Energy. that Japan could receive
atomic reactors, atomic fuel and other tech-
nical aid if formal agreements concerning
technical interchange between the USSR and
Japan would be concluded. In these discus-

“sions the Soviet representatives reportedly

stated that they have no intentions of attach-
ing to their technical aid any conditions as
may restrict or encroach upon the rights of
There has been no evidence

Union and the Japanese government having
taken place as yet. The Soviet Union has
made gencral statements both from Moscow
and in speeches in New York at the Confer-
ence on the Statute of the International
Alomic Arnergy Agency, criticizing control
provisions of the Statute and of US bilateral

* agreements .as imposing political and eco-
“nomic conditions inconsistent with the sov--

ercign rights of nations. While terms on.
which the Soviets supply nuclear materials
have not been published, the Soviets allege

“that they impose no restrictions on the use

ol the material or its disposition. Limited
offers of training and supplies of radioisolopes
have been made to India, Iran, Indoncsia,
Lebanon, Syria, Thailand, Greece, and Burma.

_Soviet moves in the Western Hemisphere have
been noted in steps being taken to obtain an

exchange of Mexican professors and students,
The Soviets have alsg ‘attcmptcd to provide
Chile . with nuclear rescarch cquipment
through the United Nations Technical As-
sistance Administration.  Offers of material
and aid. thus far rejected, have been made’
to Norway and Austria. ' :
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110. Soviet Moves Dirccted Against the West.
Many of the Soviet moves in international ac-

‘tivities in the atomic field have been obvious

attempts to counteract Western developments.
“In July 1955 the Soviets called a conference on
‘the peaceful uses of atomic energy probably
as an attempt to detract from the United Na-

tions sponsored Geneva Confcrence in August
In July 1956 the Soviets proposed the.

1955.
formation of a General Regional Body for
Peaceful Uses of Atomic Energy to include all
the East and West European countries and the
‘United States.
Body was to foster interchange of information
and provide mutual assistance in the peaceful
" uses of atomic £nergy. This organization was
-~ proposed at a time when West European coun-
tries were considering the EURATOM and
OEEC plans and appears to have been an at-
tempt to cause dissent among the -Western
European countries involved in the EURATOM
and OEEC discussions. The Joint Nuclear
"Research Institute might be considered to be
an East. European counterpart to CERN, the
Western Europcan Institute at Zurich. The
Joint institute will have far more extensive
facilities available to its members.

111. International Conferences and Soviet
"Visits to the West. Attendance of Soviet sci-
entists at international conferences and visits
of Soviet scientists to Western countries have
continued to increase. In addition to partici-
pation in Western meetings the Soviets have
called com‘exenccs in the Soviet Union with in-
vitations to the West. The most important
of these was the USSR Confcrence on High-
Energy Physics in May 1956 in which US and
other  free-world  scientists  participated,

There were two particularly significant Soviet’

visits made to the West during the past year.
The first was Kurchatov's visit to Harwell,
England, in April 1956 where he openly dis-
cussed Soviet work in the field of controlled

thermonticlear reactions and, in addition,
gave considerable details of the Soviet power
reactor program. The sccond was Artsimo-
vich's visit to Sweden in July 1956. His dis-

The announced purpose of the
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cussions of controlled thermonuclear reaction
experiments were more revealing than the
statements made by Kurchatov.

112. The International Atomic Energy Agency.
The Soviet Union played an active part in the
recent Conference on the Statute of the Inter-
national Atomic Energy Agency held at the
United Nations headquarters in New York.
The Soviets made no constructive contribu-
tion to the Statute of the Agency: their prin-
cipal effort was to make a record in favor of

"(a).Red Chinese par tmpatlon in the Agency;

(b) technical aid being free of any conditions
which infringe on the sovereign rights of the
recipient; and (c¢) a place for Soviet Satellites
in the management of the Agency. Although
the Soviet Union voted for the Statute as
finally adopted by the Conference on Octobm
26. 1956, the Sovict Union has made no com-
mitment for support of the agency beyond a
promise in its note of 18 July 1955 to supply
50 Kg of fissionable material. Their principal
interest appears to be the propaganda and

_ political aspect of the Agency‘s activities.

113. Effects of Unrest in the Bloc Countrics.
It is not possible as yet to determine the full’
extent of the impact that the Polish and Hun-
garian uprisings will have on Soviet atomic
aid to the Bloc. The Soviet-Czech agreement
issued January 29, 1957, provides for con-
tinued Soviet atomic energy assistance, and
also for continued and expanded supply of
Czech uranium ore to the USSR. In Hungary
there has been evidence of dissatisfaction on
the part of a Hungarian official with the price
being asked for the rescarch reactor, labeled
by the official as obsolete. Nevertheless, the
Hungarian State Investment Plan: for 1957
states that the rescarch reactor will be com-
pleted during the year. Poland has recently
made overtures to the United States for atomic.
aid. This is the first such move by a Satellite
nation. Another example of a more indc-
pendent attitude on the part of Bloc nations is
the m(lcaxm;, intevchange of scientific visits
among the Satcllites and between Bloe scien-
tists and Yugoslav scientists. ' '
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114. We estimate that the Soviet Union will
continue to participate in international
atomic energy affairs. Her aid to Bloc coun-
{+1c: and offers of aid to non-Bloc countries

« il continue for political and propaganda

L et T
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purposes. Bv 13.39 the Sovxct Union will prob-
ably make further offers of aid in the construc-
tion of atomic power stations to non- -Bloc
countrics when its first full scale plant goes
into operation. ' '
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